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Ke^ wo 



T7 pcisaer^^^ 

TTAATACGACT^^BTAOGG AGACXXXJ AAC CTT AAC CTG CAC GGC CCA CGT G^^B ATC CCG CGC AGft TC I TCC GAA 

Hind 3 11 

itet ASP Ser Lys Val Thr lie lie Cys He Arg Phe Leu Phe Trp Phe beo Leu Leu Cys bet Leu lie Gly Lys Ser His Thr 
GCC A CC ATC G AT ACX AAA GTC ACA ATC ATA TGC ATC AGA TTT CTC TTT TGG TIT CTT TTG CTC T gC ftTC C TT ATT GGG AAG TCA CAT ACT 
O NCOI 10 20 Sph I 30 

Glu ASP ASP He He He Ala Thr Lys Asn Gly Lys Val Arg Gly Met Asn Leu Thr Val Phe Gly Gly Thr Val Thr Ala Phe Leu Gly 
GAA GAT GAC ATC ATA ATT GCA ACA AAG AAT GGA AAA CTC AGA GGG ATC AAC TTC ACA CTT TTT GGT GGC ACG GTA ACA GCC ^ 

40 50 CHO 60 

He Pro Tyr Ala Gin Pro Pro Leu Gly Arg Leu Arg Phe Lys Lys Pro Gin Ser Leu Thr Lys Trp Ser Asp He Trp Asn Ala Thr Lys 
ATT C CC TAT GCA CAG CCA CCT CTT CQLJ£iE^rtS^ tTCAAAAAGCCACAGTCTCTGACCAAGTGGTCTGATATTTGGAATGCCACAAAA 
ECO RI ACC I Taq I 80 ^° 

Tyr Ala Asn Ser Cys Cys Gin Asn He Asp Gin Ser Phe Pro Gly Phe His Gly Ser Glu Met Trp Asn Pro Asn Thr Asp Leu Ser Glu 
TAT GCA AAT TCT TCC TCT CAG AAC ATA GAT CAA ACT TTT CCA GGC TTC CAT GGA TCA GAG ATC TGG AAC CCA AAC ACT GAC CTC AGT GAA 

100 CHO Nco I HO 117 120 

ASP Cys Leu Tyr Leu Asn val Trp He Pro Ala Pro Lys Pro Lys Asn Ala Thr Val Leu He Trp He Tyr Gly Gly Gly Phe Gin Thr 
GAC TGT TTA TAT CTA AAT GTA TGG ATT CCA GCA CCT AAA CCA AAA AAT GCC ACT GTA TTC ATA TGG ATT TAT GGT GGT GOT TTT CAA ACT 
i 130 o 140 150 

Gly Thr Ser Ser Leu His Val Tyr Asp Gly Lys Phe Leu Ala Arg Val Glu Arg Val He Val Val Ser Met Asn Tyr Arg Val Gly Ala 
GGA ACA TCA TCT TTA CAT err TAT GAT GGC AAG Trr CTC G CT CGG C TT GAA AGA GTT ATT GTA GTC TCA ATC AAC TAT AGG GTC GGT GCC 

160 Ava I 170 180 

Leu Gly Phe Leo Ala Leu Pro Gly Asn Pro Glu Ala Pro Gly Asn Het Gly l^u Phe Asp Gin Gin Leu Ala Gin Tqp Val Gin Lys 
CTAGGATTCTTAGCTTTCarAGGAAATCCTGAGOCTCCAGGGAACATCGGTrrAriTGATCAACAGTrcGCT 

190 * 200 210 

Asn lie Ala Ala Phe Gly Gly Asn Pro Lys Ser Val Thr Leu Phe Gly Glu SER Ala Gly Ala Ala Ser Val Ser Leu His Leu Ser 
ATA OCA GCC rrr GGT GGi AAT CCT a]a ACT CT^ 

220 230 240 

Pro Glv Ser His Ser Leu Phe Thr Arg Ala He Leu Gin Ser Gly Ser Phe Asn Ala Pro Trp Ala Val Thr Ser Leu Tyr Glu Ala Arg 
^^^^T^5?^r?^ACCAG^Ga:ATTCTCCAAAGTGG^TCCT^ 

CHO 250 CHO 260 2/0 

Asn Ara Thr Leu Asn Leu Ala Lys Leu Thr Gly Cys Ser Arg Glu Asn Glu Thr Glu He He Lys Cys Leu Arg Asn Lys Asp Pro Gin 
!Sc ^C i?A ):Ia rrc ACT GG^ TVT/^ GAG AAT GAG ACT GAA ATA ATC AAG TGT CTT AGA AAT AAA GAT CCC CAA 

280 Xba I 290 300 

Glu He Leu Leu Asn Glu Ala Phe Val Val Pro Tyr Gly Thr Pro Leu Ser Val Asn Phe Gly Pro Thr Val Asp Gly Asp Phe Leu Thr 
C^l^^^^T^^ <^ ^ e2r_CCG ACC GTC GAT GGT GAT TTT CTC ACT 

310 320 Ava II 330 

ASP Met Pro Asp He Leu Leu Glu Leu Gly Gin Phe Lys Lys Thr Gin He l^u Val Gly Val Asn Lys Asp Glu Gly Thr ^ Phe I^u 
GAC ATC CO. GAC ATA TTA err GAA CTT GGA CAA TTT AAA AAA ACC CAG ATT rrc GTC GGT GTT AAT AAA GAT GAA GGG ACA 

340 CHO 350 360 

val Tyr Gly Ala Pro Gly Phe Ser Lys Asp Asn Asn Ser He He Thr Arg Lys Glu Phe Gin Glu Gly l^u Lys He Phe Phe Pro Gly 
GTC tI^ GG^ GCT CCT GGC rrc AGC AAA GAT AAC AAT AGT ATC ATA ACT AGA AAA GAA TTT CAG GAA GG T TTft ATA TT T TTT CCA GGA 

370 380 Dra I Sspl 390 

val ser Glu Phe Gly Lys Glu Ser He Leu Phe His Tyr Thr Asp Trp val Asp Asp Gin Arg Pro Glu Asn I^f ^ ^ ^ ^ 
GTC ACT GAG TTT GGA AAG GAA TCC ATC CTT TTT CAT TAC ACA GAC TGG GTA GAT GAT CAG AGA CCT GAA AAC TAC CCT G AG GCC T TC GGT 

400 <10 ^'^^ ^ "^^^ 

Asp val val Gly Asp Tyr Asn Phe He Cys Pro Ala Leu Glu Phe Thr Lys Lys Phe Ser Glu Trp Gly Asn Asn Ala P^e Tyr Tyr 

gI? G^ GTT GG^ GA? TAT ;vAT TTC ATA CCT GCC TTC GAG TTC ACC AAG AAG TTC TCA GAA TGG GGA AAT AAT GCC TTT TTC TAC TAT 

430 440 
Phe Glu His Arc Ser Ser Lys Leu Pro Trp Pro Glu Trp Met Gly Val Met His Gly Tyr Glu He Glu Phe Val Phe Gly Leu Pro Leu 

CHO 460 470 

Glu Arg Arc Asp Asn Tyr Thr Lys Ala Glu Glu He Leu Ser Arg Ser He Val Lys Arg Trp Ala Asn Phe Ala Lys Tyr Gly Asn Pro 
2^ !S !^ lie ACA aL GCC GAG GAA ATT TTC ACT AGA TCC ATA ^ 

CHO CHO 490 500 

Asn Glu Ttur Gin Asn Asn Ser 7Ur Ser Trp Pro Val Phe Lys Ser Tt^r Glu Gin Lys Tyr I^u ^^^^ Jf" ^ 
AATC^GACTCACAACAATAOCACAAOCTOGCCTCTCTTCAAA«X:ACTGAACAAAAATA^ GAfi_lCA^A AGA ATA 

520 530 Hinc II 540 

Met Thr LvE Leu Arg Ala Gin Gin Cys Ar^ Phe Trp Itir Ser Phe Phe Pro Lys Val Leu Glu Met -mr Gly Asn He Asp Glu Ala Glu 

TTCTSACATCArrrrrTCCAAAACTCTTGGAAATGACAGGA fifiU^GAT <^ <^ <^ 
Taq I 560 Ssp I 570 

Trp Glu Trp Lys Ala Gly Phe His Arg Trp Asn Asn Tyr Met Met Asp Trp Lys Asn Gin Phe Asn Asp Tyr Thr Ser Lys Lys Glu Ser 
TO GAG TOG aL GCA GGA rrc CAT CGC AAC AAT TAC ATC ATC GAC TGG AAA AAT CAA m 

574 

^ ^ ^ t II TTA ATA GAT CTC TCA TCA TCA TCA TTC CAA TTC GAT OCA TAT ATA QQS_CCC TATT CTATACTCTCACCTAAAT 

I Bgl II Bd I Bam HI. EcoOl09l. Apa I Sp6 primer 
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FiQure 1 Nucleic acid sequence and deduced amino acid sequence of the human 
butyrylcholinesterase variant A328W. Position 328 is enclosed in boxes. The sequence 
has been modified in two additional ways: 1) the naturally occurring Bam HI sxte at 
position 225-226 has been removed without changing the amino acxds Gly-Ser. ^ ) xne 
sequence surrounding the translation initiation site, ATG at position -28, has been 
optimized to fit the Kozak rules (Kozak M. 1991, Journal of Biological Chemistry 266: 
19867-19870) for the purpose of obtaining maximal levels of expression. 
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EDDIIIATKNGKVRGMNLTVFGGTVTAFLGIPYAQPPLGRLRFKKPQSLTK 

60 70 80 90 100 

WSDIWNATKYANSCCO NI DO S F P G F H G S EM W N P N T PL S E D C L Y LN V W I PAP 

110 120 130 140 150 

KPKNATV LI WI YGGG FOTG TS SLHVY DGKFLARVERVI VVSMN YRVGALG F 

160 170 180 190 200 

LALPGN PEAPGNMGL FDQQLALQWVOKN I AAFGGN PKS VT LFGESAGAA S V 

210 220 230 240 250 

SLHLLSPGSHSLFTRA I L 0 S G S FN A PV^A V T S L Y E A RN R T L N L A K L T G C S R E 

260 270 280 290 300 ■ 

NETEI I KCLRNKDPOE I LLNE AFVVPYGT PLS VN FGPTVDGDFLTDMPDIL 

310 320 330 340 350 

LELGQFKKTOI LVGVNKDEG TAgiLVYj GAPGFS KDNNS I ITRKEFQEGLKIF 

360 370 380 390 400 

FPGVSEFGKESILFHYTDWVDDQRPENYREALGDVVGDYNFICPALEFTKK 

410 420 430 440 450 

FSEWGNNAFFYY FEHRS SKL PWPEWMGVMHG^E I E FVFGLPLERRDNYTKA 

460 470 480 490 500 510 

EEILSRSIVKRWANFAKYGNPNETQNNSTSWPVFKSTEQKYLTLNTESTRI 

520 530 540 550 560 

MTKLRAQQCRFWTSFFPKVLEMTGNIDEAEWEWKAGFHRWNNYiyiMDWKNQF 

570 

NDYTSKKESCVGL 
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• Dock^l 

. - . , ^"3^0 caatttacaq qct.qqa<jcaq cagctq^R ctqcatttcc 

6 1 ccqalqtatt acatqatttt cactccttgc aaacLttacc atctttgttg caqagaatcg 

12 1 gaaaccaata tgcatagcaa aqtcacaatc aiatqcatca qatttccctL Li.gqtt.Lci.t. 




qqaattcccL atgcacdsi*-^ ^.^ ^--jv^ ^ ^^-^ ^ - 

361 accaagtqgt ctgatatttg gaatgccaca aaatatgcaa attcttgctq tcaqaacata 
42 1 qatcaaagtL utccaggctt ccatggatca gagatgtgga acccaaacac tgacctcagt 
481 qaagactgtt tatatctaaa tgtatggatt ccagcaccta aaccaaaaaa tgccactgta 
S4 1 ttgatatgga tttatggtgg tggttttcaa actggaacat catctttaca tgtttatgat 
601 qqcaagtttc tggctcgggt tgaaagagtt attgtagtgt caatgaacta taggqtgggt 
661 gccctagqat tcttaqcttt qccagqaaat cctgaggctc cagggaacat gggtttattt 
72 1 gatcaacagt tggctcttca gtgggttcaa aaaaatatag cagcctttgg tggaaatcct 
781 aaaagtgtaa ctctctttgg agaaagtgca ggagcagctt cagttagcct gcatttgctt 
84 1 tctcctggaa gccattcatt gttcaccaga gccattctgc aaagtggatc ctttaatgct 
90 1 ccttgggcgg taacatctct ttatgaagct aggaacagaa cgttgaactt agctaaattg 
961 actggttgct ctagagagaa tgagactgaa ataatcaagt gtcttagaaa taaagatccc 




qqacc 

1201 ttagtctatg gtgctcctgg cttcagcaaa gataacaata gtatcataac tagaaaagaa 

1261 tttcaggaag gtttaaaaat attttttcca ggagtgagtg agtttggaaa ggaatccatc 

132 1 ctttttcatt acacaqactg ggtagatgat cagagacctg aaaactaccg tgaggccttg 




1561 ctggaaagaa gagataatta cacaaaagcc gaggaaattt tgagtagatc catagtgaaa 

m 1621 cqgtqggcaa attttgcaaa atatgggaat ccaaatgaga ctcagaacaa tagcacaagc 

I 1681 tqgcctgtct tcaaaagcac tgaacaaaaa tatctaacct tgaatacaga gucaacaaga 

s 174 1 ataatgacga aactacgtgc tcaacaatgt cgattctgga catcattttt tccaaaagtc 

1801 ttgqaaatga caggaaatat tgatgaagca gaatgggagt ggaaagcagg attccatcgc 

1861 tggaacaatt acatgatgga ctggaaaaat caatttaacg attacactag caagaaagaa 

r. 1921 agttgtgtgg gtctctaatt aatagattta ccctttatag aacatatttt ^^tttagatc 

IJI 2 

% VxVl 7<iVt7allll gtgcatatta aa^caatggc ctggttcaat ttctttcttt ccttaataaa 

,^ 2221 tttaagtttt ttccccccaa aattatcagt gctctgcttt tagtcacgtg tattttcatt 

:i 2281 accactcgta aaaaggtatc ttttttaaat gaattaaata ttgaaacact gtacaccata 

=^ 2341 gtttacaata ttatgtttcc taattaaaat aagaattgaa tgtcaatatg agatattaaa 

24 01 ataagcacag aaaatc 

Figure 3. Nucleic acid sequence of human butyrylcholinesterase (SEQ ID NO: 16) 
Genbank accession number M 16541 
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human wild- type BChE 
human A variant BChE 
human J variant BChE 
human K variant BChE 
rat BChE 
cat BChE 
horse BChE 
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40 50 60 * 70 80 90 100 
IPYAQPPLGR LRFKKPQSLT KWSDIWNATK YANSCCQNID QSFPGFHGSE ^4WNP^rTDLSE DCLYLNVWIP 
G _ .__ _ _ 

IPYAQPPLGS LRFKKPQPLN KWPDVYNATK YANSCYQNID QAFPGFQGSE MWNPNTNLSE DCLYLNVWIP 
IPYAQPPLGR LRFKKPQFLT KWSDIWNATK YANSCYQNAD QSFPGFPGSE MWNPNTDLSE DCLYLNVWIP 
IPYAQPPLGR LRFKKPQSLT KWSNIWNATK YANSCYQNTD QSFPGFLGSE flWNPNTELSE DCLYLNVWIP 

110 120 130 140 150 160 170 

APKPKNATVL IWIYGGGFQT GTSSLHVYDG KFLARVERVI WSMNYRVGA LGFLALPGNP EAPGNMGLFD 



VPKPKNATVM VWVYGGGFQT GTSSLPVYDG KFLTRVERVI WSMNYRVGA LGFLAFPGNS EAPGNMGLFD 
TPKPKNATVM IWIYGGGFQT GTSSLPVYDG KFLARVERVI WSMNYRVGA LGFLALPGNP EVPGNMGLFD 
APKPKNATVM IWIYGGGFQT GTSSLPVYDG KFLARVERVI WSMNYRVGA LGFLALSENP EAPGNMGLFD 

180 190 200 210 220 230 240 

QQLALQWVQK NIAAFGGNPK SVTLFGESAG AASVSLHLLS PGSHSLFTRA ILQSGSFNAP WAVTSLYEAR 



QQLALQWIQR NIAAFGGNPK SVTLFGESAG AASVSLHLLC PQSYPLFTRA ILESGSSNAP WAVKHPEEAR 
QQLALQWVQK NIAAFGGNPK SVTLFGESAG AGSVSLHLLS PRSQPLFTRA ILQSGSSNAP WAVMSLDEAK 
QQLALQWVQK NIAAFGGNPR SVTLFGESAG AASVSLHLLS PRSQPLFTRA ILQSGSSNAP WAVTSLYEAR 

250 260 270 280 290 300 310 

NRTLNLAKLT GCSRENETEI IKCLRNKDPQ EILLNEAFW PYGTPLSVNF GPTVDGDFLT DMPDILLELG 



NRTLTLAKFI GCSKENEKEI ITCLRSKDPQ EILLNEKLVL PSDSIRSINF GPTVDGDFLT DMPHTLLQLG 
NRTLTLAKFI GCSKENDTEI IKCLRNKDPQ EILLNELLW PSDTLLSVNF GPWDGDFLT DMPDTLLQLG 
NRTLTLAKRM GCSRDNETEM IKCLRDKDPQ EILLNEVFW PYDTLLSVNF GPTVDGDFLT DMPDTLLQLG 

320 330 340 350 360 370 380 

QFKKTQILVG VNKDEGTAFL VYGAPGFSKD NNSIITRKEF QEGLKIFFPG VSEFGKESIL FHYTDWVDDQ 



KVKTAQILVG VNKDEGTAFL VYGAPGFSKD NDSLITRREF QEGLNMYFPG VSSLGKEAIL FYYVDWLGDQ 
QFKKTQILVG VNKDEGTAFL VYGAPGFSKD NDSIITRKEF QEGLKIYFPG VSEFGREAIL FYYVDLLDDQ 
QFKRTQILVG VNKDEGTAFL VYGAPGFSKD NNSIITRKEF QEGLKIFFPR VSEFGRESIL FHYMDWLDDQ 
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RPENYREALG DWGDYNFIC PALEFTKKFS EWGNNAFFYY FEHRSSKLPW PEWMGVMHGY EIEFVFGLPL 



TPEVYREAFD DIIGDYNIIC PALEFTKKFA ELEINAFFYY FEHRSSKLPW PEWMGVMHGY EIEFVFGLPL 
RAEKYREALD DVLGDYNIIC PALEFTTKFS ELGNNAFFYY FEHRSSQLPW PEWMGVMHGY EIEFVFGLPL 
RAENYREALD DWGDYNIIC PALEFTRKFS ELGNDAFFYY FEHRSTKLPW PEWMGVMHGY EIEFVFGLPL 
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460 470 480 490 500 510 520 

ERRDNYTKAE EILSRSIVKR WANFAKYGNP NETQNNSTSW PVFKSTEQKY LTLNTESTRI MTKLRAQQCR 

-- V 

ERRVNYTRAE EIFSRSIMKT WANFAKYGHP NGTQGNSTVW PVFTSTEQKY LTLNTEKSKI NSKLRAPQCQ 
ERRVNYTRAE EILSRSIMNY WANFAKYGNP NGTQNNSTRW PAFRSTDQKY LTLNAESPKV YTKLRAQQCR 
ERRVNYTRAE EILSRSIMKR WANFAKYGNP NGTQNNSTRW PVFKSTEQKY LTLNTESPKV YTKLRAQQCR 
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530 540 550 560 570 574 

FWTSFFPKVL EMTGNIDEAE WEWKAGFHRW NNYMMDWKNQ FNDYTSKKES CVGL 



FWRLFFPKVL EITGDIDERE QEWKAGFHRW SNYMMDWKNQ FNDYTSKKET CTDL 
FWTLFFPKVL EMTGNIDEAE REWRAGFYRW NNYMMDWKNQ FNDYTSKKES CAGL 
FWTLFFPKVL ELTGNIDEAE REWKAGFHRW NNYMMDWKNQ FNDYTSKKES CSDF 
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wild-type ^NN(Gni 
□ codon JO^ 

■•^ OO 



^\ ^\ 

OOO OO0 o#o o®# ##o ### 
1=] , po<#QO. i^fboi . 

r. wild-type ^'"q'e ^ ^ double^ ^triple ^ ran^^ized 

mutations mutations mutations f^naomizeo 

jij unique variants 1 152 10,108 384,104 2.56 xlO^^' 
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